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Abstract
This thesis is focused on optimising a power system for a fixed wing aircraft with
VTOL (Vertical takeoff and landing) capability. This aircraft is meant to be used in
various industrial sectors such as (such as agriculture, Oil, gas, electricity, trains.
etc) for surveying and maintenance aspects. The aircraft can be equipped with any
kind of sensors suitable for the mission. The dual capability of the drone reduces
the consumption of power as it uses only one motor (the cruising motor) during the
mission and the VTOL for ease of take-off and landing. Prior to the mission, the
desired sensor will be attached to the aircraft, the desired way points will be defined
using a ground control station, the aircraft will take-off vertically to a certain height
then do a transition from the VTOL motors to the cruising motor, do the mission and
land again at the starting point.
The thesis presents all components involved in building up and optimising the power
system of the aircraft such as batteries, ESC’s, motors and propellers. The motor-
propeller combination was chosen based on a static and dynamic tests to get the
highest efficiency with minimum power consumption. The hardware and software
choices are combined into a system and implemented on the aircraft. The aircraft
has 5 motors, 4 for the VTOL and one cruising motor, controlled by 5 ESC’s. Lithium-
ion batteries are used to power up the aircraft so it will be fully electrical. The power
optimisation takes in consideration the aerodynamics of the aircraft. In this thesis a
multiple static and dynamic tests were done for the motors/propellers combinations
and the results were promising, as will be discussed in details in the upcoming chap-
ters . After performing a static and dynamic tests, the chosen motor is Q80 Hacker
motor with 24x12 wood propeller as this combination gives the required thrust that
the aircraft needs to fly and operate safely. Some improvements still needs be done
in the future for the testing procedures and the method of collecting the data.
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Introduction
Unmanned Air Vehicles (UAV’s) are and have been prominent to use in several gov-
ernmental and industrial sectors. As in the past it was mainly used in the military
but nowadays it’s been highly used in the civil applications. As the technology is be-
coming more and more advanced, the use of drones is becoming more convenient
and cost less as drones nowadays are replacing humans, helicopters and aircraft in
several applications mainly in inspection, surveillance, surveying, search and rescue
and even providing first aid when there is an accident. Autopilot replacing a human
being has a lot of benefits as it reduces the cost of a mission and it saves human
lives. For example, speaking about inspection, to inspect a hundred of kilometres
of oil and gas pipelines , companies uses a helicopter and at least 2 persons to
do the job and that is an expensive job considering pilots salaries, the rental of the
helicopter and the fuel, the same is applicable for surveying and agriculture crops
monitoring. Using UAV’s in the industry will push the industry forward.
As the main issue nowadays is the flight time, most of the drones now can fly
between 15-40 minutes. Providing a drone that able to fly 2-3 hours will be more
functional and reliable. Using only one motor while cruising with the aid of the aero-
dynamic design of the aircraft reduces power consumption significantly along with
increasing the flight time. Choosing the right motors/propeller combination for your
aircraft is very important to reach the maximum flight efficiency and to be able to
fly smoothly with no extra load on any components. To do so several static and dy-
namic tests will be performed in this thesis to choose the perfect combination and
implement it on the aircraft.
During the last years, there has been an exponential growth in the aircraft sec-
tor. However, one of the main technology drawbacks is limited flight time. In the
case of malty-rotor, lasting around 20 minutes. Fixed-wings can fly longer, but a
runway is needed to operate. Plus, current work flow is time-consuming, consisting
of gathering data with sensors and computer post-processing. As a first product, a
Vertical Take-Off and Landing (VTOL) aircraft will be launched. This does not re-
quire any runway or launching system. This aircraft will be offered in tow different
models, an electric and a hydrogen power system. By using hydrogen powered sys-
tems, flight time is extended up to 8 hours, offering the largest endurance in its class.
Moreover, on-board analytic software will be integrated, avoiding time-consuming
post-processing. This thesis aims to design and implement the electric power sys-
tem of this aircraft,as it consist of 5 motors in total one for cruising and four for VTOL
system.
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Chapter 1. Background and related work
1.1 Oil and Gas
Oil and gas sectors traditionally use a ground vehicle just like cars and manned air
crafts (fixed wing or helicopters) to detect damages and future threats to pipelines
along hundreds or thousands of kilometres. The estimated amount of money that
is been spent in this sector is about 50 billion dollars annually. Furthermore, The
frequency of pipeline survey from the air depends on the size of the pipeline and
its contents, is more often than not regulated. some of the pipelines need surveil-
lance every day and some every month or every 6 months, such inspections are very
costly and time-consuming. The data analyzing in the other hand that is collected
from varies sources is another challenge. Drones nowadays are sufficient enough to
be used in pipeline operations like conducting surveying and mapping of the pipeline
during the rout planing process[1]. Drones could prove to be an effective alternative
especially for remote and hard to reach areas. Drones are also used to conduct a
thermal inspection of the pipelines to detect leaks, and that is performed using ther-
mal imagining due to the difference in temperature of the oil or gas and the surround-
ings. Furthermore, drones are being used to detect structural damages, vegetation
growth and other problems associated with the pipeline. It provides more flexibility
as they can be programmed to cover large areas in a systematic way while providing
also easy reach for difficult to reach areas. Nevertheless, drones are proved to be
an economical solution in this area.
1.2 Agriculture
Drones equipped with a malty-spectral imaging sensor are changing the rules of the
game for the agriculture industry. Many years before this type of sensors was very
large and can be fitted only on a manned aircraft to be flown over the crops area, this
method is extremely costly and expensive so it could be done few times per year.
Nowadays with the drones and compact sensors, farmers theme selves could pilot
the drone and scan their crops as much as they want to detect any injured crops or
to locate any infected parts of crops, as this procedure cost a small fraction of the
previous cost. Furthermore, drones can do detailed maps of the crop field using GPS
along with their onboard mounted camera, this process can help farmers to plan and
organize their crops for better use of the land area and saving irrigation water[2].
On the other hand, heavy lift drones could be able to lift tanks full of fertilizers or
pesticide and spray all the crops. Not only crops could be surveyed and checked but
also the animals in the farm, with a thermal imaging camera equipped on a drone,
livestock could be monitored and checked if there any injured, missing or berthing
animals. As machine learning and drones efficiency are improving drones are the
future of the agricultural farming sector.
2
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1.3 Inspection
The number of drones used for visual inspection is increasing day by day, as its cost-
conscious and effective way to inspect heights and inaccessible areas[3]. Drones
can be used to inspect power lines and power pylons for bird’s nests. lightning strikes,
rust, corrosion and damaged bolts using a thermo-graphic or a high-resolution cam-
era. Not only it cut the costs and time along with decreasing injuries, with drones in-
spection companies can obtain high-quality detailed images of overhead utility lines
to look for damages. Moreover, they can provide real-time data, images, and post-
inspection analysis. Drones also can be utilized for post-storm investigations or being
on hand to spot test transmission lines as they can also get much closer to infrastruc-
ture than helicopters, and have superior mapping and surveying capabilities, high-
quality sensors and high-resolution cameras which helps to reduce labor-intensive
undertakings for work crews.
1.4 Mining
sing drones in mining will allow capture of 3D spatial data in difficult to reach the
underground area in mines so it eliminates the hazard and danger that could a hu-
man face. Drones usage in mining for underground mapping has a variety of other
benefits as being cost effective and easy on labor. Some companies nowadays are
developing a 3D mapping system capable of building 3D maps in real time without
the need for the GPS signal for positioning aspects[4]. A 3D laser area scanner can
perform the underground mapping that is light enough to be carried in the drone.
Other uses of drones in mining :
• Inspection
• Surveying
• 3D profiling
• Vehicle positioning
• Large area 3D scanning
• 3D mapping
The drone use in underground mining has promising benefits, especially for keep-
ing people safe outside of underground mining and remote areas. Drones in a mining
environment are projected to have a major impact on the industry in the fields of pro-
ductivity, cost-effectiveness, safety, and efficiency.
1.5 Related Work
There are many companies nowadays manufacturing and selling a similar type of
this aircraft with different designs. in Figure 1.1we can see a list of companies that
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are working in the same field, some of them is using gasoline engines and some
other is using electrical power. The designs differ a lot but the thing that is matter is
the flight time and the ability to carry multiple types of sensors or payloads which is
the competition is about.
Figure 1.1: List of companies having a smellier product
Sorce: Venturi Unmanned Technologies
1.6 Limitations
As this type of aircraft is a fixed-wing, there are some limitations of using this type
of aircraft because it needs open and wide areas as it has a long wingspan. It’s not
able to perform in cities as there are too many obstacles and narrow paths, such as
buildings and the small areas between the buildings.
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1.7 market review
During the last years, the drone market (also known as UAV, Unmanned Aerial Ve-
hicles) has grown exponentially. Drones are replacing previous aerial inspection
methods, such as light aircraft, helicopters or satellites. Its main advantages consist
of reduced investment and operating costs, as well as human risks since there are
no pilots or on-ground operators. PwC estimates the value of business processes
replaceable by drone solutions as 127,3 billion dollars. During 2014, 29 VC deals
were closed, worth 108 mullion dollars. In 2015, these values increased to 74 deals
worth 450 mullion dollars. Among these companies, there are several activities, in-
cluding image processing software, frame manufacturing or electronic components.
Global commercial drone market is expected to reach 5,59 billion by 2020, growing
at a 32,22 percent CAGR. So far, the military market has a higher market value, but
the tendency is to be overpassed by commercial ones. Gartner consultancy group
has recently published his market study, showing a positive outlook.
Figure 1.2: Drone market
Source : Venturi Unmanned Technologies
Despite being used in fewer cases than a malty-rotor (around 6-8 percent flights),
fixed-wing drones are usually more expensive because of their added performance,
so their market share is slightly higher. Malty-rotor market share is estimated to be
around 77 percent. As a result, the commercial fixed-wing market in 2017 would be
worth around 848mn. As an example, Delair Tech, a French startup founded in 2011
in Toulouse by four aerospace engineers had 7,1 million dollars revenues in 2016.
The company has a 50 million euros valuation and has been invested in two funding
rounds with 4 and 13 million. Based on the posted information, we estimate Delair
is selling around 200 DT18 units (low range) and 30 DT26 (high range) per year.
Therefore, this success case despite launching their company when there was not a
consistent legal framework that allowed to penetrate their potential market.
Chapter 2. Project description and theory
ach aircraft or drone is a full product consist of hardware and software working to
gather in harmony. In this chapter will discuss the electrical power system of the
aircraft, its components and the related systems. Furthermore, each element will be
explained individually. To get the highest efficiency, extra care should be taken for
choosing the parts, their ability to work to gather and their suitability for the aircraft
system. The complete aerial system for this Project can be divided into five main
categories(airframe, autopilot, ground control station, power system, payload). The
aircraft has VTOL capabilities and its consists of 5 Motors, one motor for cruising
and four motors for vertical take-off and landing. The power system is consists of
(batteries, Electronic speed controllers, motors and propellers). Two models will be
launched based on the power source selected, electric battery and hydrogen system.
Below are the characteristics of the platform shown in Figure 2.1.
• Extended flight time: Up to 2 hours flight time using electric batteries and 8
hours thanks to the hydrogen power system.
• Added functionality. No need for runway. Operate everywhere thanks to the
Vertical Take-Off and Landing system.
• Analytics: Up to 3kg of cameras and sensors.
• Autonomous navigation systems: Automatic flight to cut down costs.
• Carbon fibre structure: Lightweight and extra performance.
Figure 2.1: The prototype
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2.1 air frame
The airframe resembles the aircraft’s body which is consist of the fuselage, wings
and the tail. The aerodynamics of the frame is a key feature to achieve the optimum
performance. An airfoil is the cross section of a wing or a propeller blade even an
aileron, in general airfoil is an aerodynamic shape that generates lift perpendicular to
its direction of motion. The basic principle behind aerofoils is described by Bernoulli
theorem which states that an increase in the speed of the fluid occurs simultane-
ously with a decrease in pressure or decrease in the fluids potential energy[5]. This
is states basically that the total pressure is equal to static pressure plus dynamic
pressure. Air that travels over the top surface of the aerofoil has to travel faster and
thus gains dynamic pressure. The subsequent loss of static pressure creates a pres-
sure difference between the upper and lower surfaces that is called lift opposes the
weight of an aircraft. As the angle of attack (the angle between the chord line and
relative air flow) is increased, more lift is created. Once the critical angle of attack is
reached(generally around 14 degrees) the aerofoil will stall.
Figure 2.2: aerofoil
2.1.1 Autopilot
The autopilot is a platform used to control the stability and trajectory of an aerial vehi-
cle. The autopilot focuses on assisting or tracking full control of a vehicle in real time.
Autopilots have evolved significantly over time. Early autopilots merely held the at-
titude control compared to modern autopilots capable of performing fully automated
missions. There is exists a variety of different autopilots in the market, most of them
are custom made and tailored to certain aeroplanes. For smaller planes or fixed-wing
drones, the list of available autopilots is also reduced for open-source autopilots that
allow modifications to the software. At the beginning of the project, the implemented
autopilot was the Pix-hawk 2 board with PX4 stack software. This board is popular
amongst hobby applications and is a rather new platform compared to its competi-
tors. For the current aircraft, The autopilot used is MP2x28 from a company called
Micro Pilot. MicroPilot is the world-leading manufacturer of professional autopilot for
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unmanned aerial vehicles(UAV) and micro aerial vehicles (MAV)[6]. Micropilot flies
a wide variety of air crafts (helicopters, small fixed-wing, jets, etc.). The MP2x28 au-
topilot is the worlds smallest full-featured of UAV autopilots. Its Capabilities includes
airspeed hold, altitude hold, turn coordination, GPS navigation, Vertical takeoff and
landing (VTOL) and autonomous operation from lunch to recovery. Below are the
features of this autopilot :
• 150 mips RISC processor gives scalability
• world’s smallest UAV autopilot; 28 grams, 4cm by 10cm
• upward compatible with MP2028g2
• GPS way point navigation with altitude and airspeed hold
• completely independent takeoff, bungee launch, hand launch and landing
• powerful command set
• extensive data logging and telemetry collects the data you need
• fully integrated with 3-axis gyros/ accelerometers, GPS, pressure altimeter,
pressure airspeed sensors, all on a single circuit board
• UAV configuration wizard and installation video simplifies setup and speeds
time to market
• includes HORIZONmp ground control software
2.2 Ground Control Station
To perform Automated flight or a mission, the Ground control station is the software
part that communicates with the autopilot and gives the orders to perform tasks au-
tonomously or manually by assigning ground control points on the map provided by
the control station to the aircraft to follow. Primarily QGrond Control Station is the
software used in this project, QGround Control Station offers full flight control, and
vehicle setup for PX4 or any ArduPilot powered Drones or air crafts. It provides easy
and straightforward, delivering high-end feature support for experienced users. For
the last designed aircraft, Horizon ground control station will be used as it is supplied
with autopilot. HORIZON ground control software offers a user-friendly point-and-
click interface[7]. Developed by Micro-pilot specifically for the MP2x28 series of au-
topilot, HORIZON allows an operator to monitor the autopilot, Chang the waypoints,
upload new flight plans, initiate holding patterns and adjust feedback loop gains all
while the UAV is flying.
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Figure 2.3: HORIZON Ground Control Station
Some of HORIZON ground control station features:
• User configurable payload buttons and sliders initiate holding patterns and con-
trol servos
• Features can be enabled or disabled according to the application and user
requirements.
• In flight mission reprogramming.
• In flight gain adjustment.
• Communication options support a wide range of radio modems.
• Target altitude and speed can be changed during flight.
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2.3 Power system
The power system is the responsible for supplying power to all the components of an
aircraft including the motors and all electronics. There is many ways to supply power
to the aircraft such as combustion engines that works on gasoline , Electrical power
which the main power supplier is batteries, and the last but not the least is hydrogen
power system. In this project Electrical power will be used.
2.3.1 Hydrogen power
Hydrogen is a high in power substance , engines that burns pure hydrogen produces
almost no pollution. A fuel cell combines hydrogen and oxygen to produce electric-
ity, heat, and water. Fuel cells are often compared to batteries. Both convert the
energy produced by a chemical reaction into usable electric power[8]. However, the
fuel cell will produce electricity as long as fuel (hydrogen) is supplied, never losing
its charge.Fuel cells are a promising technology for use as a source of heat and
electricity for buildings, and as an electrical power source for electric motors pro-
pelling vehicles. Fuel cells operate best on pure hydrogen. But fuels like natural
gas, methanol, or even gasoline can be reformed to produce the hydrogen required
for fuel cells. Some fuel cells even can be fuelled directly with methanol, without
using a reformer. In the future, hydrogen could also join electricity as an important
energy carrier. An energy carrier moves and delivers energy in a usable form to con-
sumers. Renewable energy sources, like the sun and wind, can’t produce energy all
the time. But they could, for example, produce electric energy and hydrogen, which
can be stored until it’s needed. Hydrogen can also be transported (like electricity) to
locations where it is needed.
2.3.2 Electrical power
In this project Electrical power will be used to drive the aircraft. the process of choos-
ing the right combination of the previous parts is critical to be able to lift all the weight
efficiently with minimum power consumption.Figure 1 describes the initial procedure
and initial consideration were taken in account at the earliest days of the project.
Figure 2.4
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Figure 2.4: selection criteria
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2.3.3 Batteries theory
A battery is a device converts chemical energy to electrical energy by a chemical re-
actions. There is rechargeable batteries and non-rechargeable batteries it depends
on the type of the battery[9]. An electric current is created due to the movement of
the electrons. As the wind the electrons flow from the high pressure to low pres-
sure (the potential difference known as voltage), this is exactly what the buttery does
, it creates a voltage difference by introducing two chemical reactions called " Re-
dox reactions". one of the reactions creates electrons and the other reaction needs
them. The batteries consist of tow different state materials one is a liquid solution
(electrolyte) and the other is a solid conductor (electrode). By connecting the supply
and the demand side electrodes with a conducting wire the electrons is allowed to
move from on side to other creating the current and here is the power is generated .
There is many different types of batteries exist , they are consisted of different types
of materials used as the electrodes and electrolytes.
Batteries is the main power supplier to the hall aircraft components , so the se-
lection of the batteries should consider the amount of power will be consumed by
the motors mainly and the other electronics. Lithium-Ion batteries were used in this
project because of their high Energy density, light wight to its size, the high discharge
rate and the low cost.As the Lion batteries may be bigger in size and Little more
weight than the lithium-polymer battery but in the same hand they give more flight
time which is the main goal of this project and the wight and size does not consider
as an issue because the aeroplane design could handle that. Below a comparison
between a Lithium-Ion battery and a Lithium Polymer battery.
Figure 2.5: Comparison between Lipo and Lion batteries
2.3.4 ESC’S theory
ESC ,The Electronic Speed Controller is an electronic circuit that regulates and con-
trol the speed of an electric motor and some of it provides dynamic breaking and
reversing of the motor[10]. It has three wires that connect to the motor from one
side, it has tow wires from the other side to connect to the battery and a signal wire
connects to the receiver.An ESC follows a speed reference signal transmitted buy
the throttle liver of the transmitter ,which adjust the duty cycle or it switch the fre-
quency of the transistors so the motor speed will change. Brush-less ESC systems
creates three-phase Ac power to run the bruch-less motor. ESC’s ratings normally
according to maximum current that it could handle. The main category of choosing
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an ESC’s is its compatibility with the motor.The ESC specifications should be higher
than the motor specification for example if the motor maximum current is 60 amps
the ESC should take at least 80-90 amps so it will be working in a safe range in
case the motor draw more current the ESC can handle it easily without worming up
or burn , BEC “Battery Eliminator Circuit “ its a voltage regulator built into the ESC
which can provide regulated 5V DC power to any electronics which need it but not
all ESC has it built in , in this case you will need external BEC. Also the ESC should
be compatible with the battery used.
2.3.5 Motors theory
There is tow main types of motors brushed and brush-less motors , brush-less mo-
tors also has tow kinds out runner and in-runner[11].The main function of the motor in
an air plane is to rotate the propeller and create thrust. The main feature to take care
of when selecting a motor is the KV which means(rotation per volt) , depending on
the size, weight of your aircraft and the type of mission that the aircraft will perform ,a
high KV or a Low KV Motor will be chosen. For example , if the aircraft required to be
fast and its small in size a high KV motor should be used with a small propeller with
high pitch.The weight to power ratio is considered an important detail when choos-
ing a motor , a smaller ratio is abetter motor. Electric motors offer a compact, power
dense, reliable power plant making them ideal for use in UAVs. In particular, brushed
and brush less DC motors are well suited to this application. Among these, the brush
less DC motor stands out on account of its high power density, efficiency, and relia-
bility. The availability of small, inexpensive power electronics have made brush-less
dc motors more cost-competitive and increasingly popular for UAV applications. This
type of motors typically have permanent magnets integrated to the rotor while the
wingdings held in the stator. They function similarly to synchronous motors, that is
by sequentially energising the stator wingdings causing the rotor to turn due to align-
ment torque. Brush-less motor uses an Electronic Speed Control (ESC) circuit, to
perform the commutation. In addition to the stator, rotor, and ESC, brush-less dc
motors can include position sensors such as optical encoders or Hall effect sensors
to monitor the position of the rotor and perform the commutation more effectively.
These sensors can significantly impact motor efficiency, reliability, and performance,
and as a result, several, typically larger, brush-less motors use such sensors. The
family of brush-less dc motors subdivides into two distinctive categories: axial flux
and radial flux motors. are more common, being studied and used in a larger number
of applications.There are two motor subcategories: in-runner and out-runner . The
former has the stator surrounding the rotor while in the latter, the rotor surrounds
the stator. The advantage of out-runner motors is that they have lower speeds and
higher torque making them useful for direct-drive applications. Here, the rotor shaft
is directly fixed to a propeller without any gearing thereby reducing the weight and
complexity of the vehicle, eliminating transmission losses, and reducing costs. The
design of a drone or UAV entails proper selection of a motor and propeller combina-
tion. In order to perform this selection, it is important to quantify the speed-voltage
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and torque-current characteristics of the motor as well as the speed-torque-thrust
characteristics of propellers. Since motors and propellers have narrow bands of high
efficiency operating conditions, a proper selection identifies a propeller which will
produce enough thrust to maintain a steady flying altitude while turning at a speed
which is optimal for the motor-propeller combination’s performance.
2.3.6 Propellers theory
Propellers , and as referred to as "props" are sometimes called screws[12],as a pro-
peller is a device that moves forward through fluids when it turns. Its the rotating part
that generate thrust to push or lift the aircraft. Many types and shapes of propeller
out there in the market , There are three main shapes of the propellers :
• Pointy nose
• bull nose
• hybrid bull nose
hybrid bull nose is the most efficient and mostly used. Different parts of the
propeller moves in different speeds as the blades tips moves faster than than the
parts near the hub. A wide range of materials is used to manufacture the propellers
such as wood , plastic and carbon fibre. The size and the Pitch of a propeller is
varied , selecting the right size and pitch combination is dependant on the weight of
the aircraft and type of the mission it will perform.. If more speed is required a high
pitch with smaller size propeller will be convenient, If low speed and moor steady
flight required a bigger diameter with small pitch will be convenient.In Figure 2.6 we
can see the definition of propeller.
Figure 2.6: Propeller Definition
15 Power system optimisation for a fixed-wing UAV with VTOL capability
2.4 Payload
The payload is a weight can be carried by the drone , usually its not counted in the
weight of the drone itself but its counted externally as an additional weight such as
sensors, cameras, or any other types of packages. The greater of payload The Drone
could carry , the larger amount of popping on technology specific to your needs, as
upgrading the camera to dual thermal and RBG imaging system an adding a LIDAR
technology for example , as its heavier in weight. Knowing the weight of the payload
is a key point to calculate the flight time , as the flight time is guaranteed to be
reduced when carrying extra weight, because of the additional power required to lift.
There are too many types of payloads available now in the markets, Selecting the
right payload depend on the type of mission that the drone will perform. Below some
kinds of Payloads:
• Cameras
• LIDAR
• Infrared and thermal sensors
• Speed and distance sensors
• Chemical sensors
Chapter 3. Technical specification and design
Two different types of motors were chosen to drive the aircraft , four motors for VTOL
and one Cruising motor.Various software was used to get primary theoretical read-
ings for the required power with respect to the air speed based on initial selected
motors, propellers, ESC’s and batteries. A combination between XFLRS software
and a MATLAB code used to determine the theoretical required power needed to
drive the drone, a comparison between the theoretical data and the actual data col-
lected from testing will be done to obtain the ultimate combination of motors and
propellers. The aircraft weights 25 kg including the payload, the aircraft is designed
to be able to carry multiple types of sensors and payloads.
3.1 The air frame specifications
To determine the the power needed to drive the aircraft, all wights should be calcu-
lated in order to choose the right motors and propeller combination. The estimated
overall wight of the aircraft is 24 kg.
Aircraft wight distribution
Item weight(g)
Wing 4515
Stabilizer 804
Fuselage 1800
Landing gear 388
VTOL Structure 950
VTOL Propulsion 2864
VTOL Battery 2300
Cruising Propulsion 605
Main Battery 2800
Payload 3500
Electrical connections 210
Paint 500
Covers 300
Flight Controller 190
Component allocation 400
Total wight 24000
Table 3.1: Aircraft weight distribution.
3.2 Motors
Three models will be tested for the cruising motors , as each one has different char-
acteristics. On the other hand , tow models of motor will be tested for the VTOL.
Cruising & VTOL , each has different requirements as for cruising , more rotation per
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volt is required , but for the VTOL more torque is required hence less rotations per
volts.
3.2.1 Cruising Motor
For choosing the cruising motor, three different types of motors were tested. All the
cruising motors is from Hacker motors brand and the models are A60, Q80 and A50
which has been tested with a various propellers sizes and materials such as wood,
carbon fibre and plastic. The specifications of the motors are listed in Figure 3.1 For
cruising motor a high KV is preferred because it has higher RPM combined with a
high pitch propeller so it don’t stall at high speeds.
Figure 3.1: cruising motor specifications
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3.2.2 VTOL Motors
Tow types of motors will be tested to be used for vertical takeoff and landing , the
motors brand is T-Motor which is a leader brand in the market for its quality and
durability. As they will be used only for takeoff and landing not in cruising they have
to be able to carry all the weight of the drone. Figure 3.2 shows the motors and their
specifications. For the VTOL motors a low Kv is preferred for a steady take off and
lading a combined with low pitch propeller.
Figure 3.2: VTOL motor specifications
3.3 Propeller Specification
Various sizes of Wooden Propellers were tested with the cruising motors,The wood
material was chosen because of the rigidity feature . the sizes 19x15 ,21x14,24x10
and 24x12 were used with the A60 Motor. Propeller sizes 21x14,22x12 and 24x12
were tested with Q80 motor. Propeller sizes 16x10, 18x12, 20x15 used with A50
motor. some of the propellers was recommended by the motor manufacturer and the
rest was chosen by us. For the VTOL motor Carbon fibre propeller was used with
the size of 26.2x8.5 Figure 3.3.
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(a) Cruising propellers (b) VTOL Propellers
Figure 3.3: Propellers
3.4 ESC’s Specifications
The used ESC for the cruising motor is Master Spin 99 pro op-to , which can stand
12-50 volts and the max amperes is 90 A. For the VTOL motors the same ESC had
been used. Its important the capacity of the ESC to be more than the power drown
by the motor , for example if the motor maximum amperes is 60 , the ESC should
stand 70 A and more so it don’t burn or heat up.
Figure 3.4: Master spin99 ESC
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3.5 Batteries Specifications
The batteries that will be used is Lithium Ion batteries,Figure 3.5, the main features of
these type of batteries is their high discharge rate and their capacity. The specifica-
tion of the batteries as shown in the following figure, its a 6S (6 cells) with a capacity
of 17500 mAh , 22.2 volts for all the cells which give a 3.7 volts per cell. despite they
are a Little heavier than Lithium Ion batteries, they have higher capacity and can give
longer flight time as their weight don’t affect the fixed wing performance.
Figure 3.5: Battery
3.6 Aircraft control
A radio transmitter will be used to manually control the aircraft. Taranis radio trans-
mitter is used widely for controlling RC air crafts and drones which is mainly used for
hobby, its considered from the top transmitters out there in the market. below is the
specifications of the transmitter :
• Up to 16 channels
• Dual module two frequency system
• Three selectable modes
• Update the firmware via SD card directly, without the need to install any driver
• Supported smart port, USB, Haptic
• Party receiver, RSSI (receiver signal strength)
• Audio voice output (values, alarms, settings, etc.)
• Flight data recording in real time
• Vibration alerts
Chapter 4. Testing
4.1 Pre-Testing
Before beginning the test some procedures shall be done. Preparing the testing
bench and At the beginning of the project, a prototype was built and used to test the
software and the hardware in general. To get the most efficient combination, first
XFLR software as shown in Figure 4.14 was used to design the aerodynamics and
the shape of the aerofoil of the aircraft, furthermore to get the drag coefficient due to
lift. Then this coefficient used in a mat-lab code and combined with parasitic drag to
get the total drag induced by the aircraft and the power requirements at multiple air-
speeds. In theory, the previously calculated drag is equal to the thrust required to fly
the aircraft, a flight was performed using the A50 Motor and the power consumption
of the motor was recorded at multiple air-speeds. Now to be able to compare the
Drag and power consumption, a Dynamic testing were performed especially to get
the thrust readings at the same air-speeds that were calculated theoretically to be
able to get a corrective coefficient and us it to correct the power consumption to get
new readings and use it for the newly designed aircraft.
Figure 4.1: XFLR
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4.2 The Testing Bench
A thrust bench was used to perform the static test, its a EDF Testing Bench Base V2
from lander technologies . The bench could stand up to 10 kg of thrust which is in
the range of required thrust for the Fixed wing Figure 4.2.
(a) the bench (b) thrust meter
Figure 4.2: Thrust bench
4.3 Testing Bench calibration
All electronic devises has an error range , usually If the device well made this error
will be very small most of the times is negligible. However the error was small after
a constant use of the device it will need re calibration ,to make sure that it gives an
accurate results. For this testing bench that it will be used for testing the motors , a
calibration process has been done for it, as it consist of multiple parts the error could
could be produced by any part, so a calibration should be done for all the system.
First well known weights was weighted on a digital scale to get the most accurate
weight, then the weights was applied on the thrust bench which the main sensors is
a load cells. The weights was added one by one as each one is 500 g until it reach
10 kg which is the limits of the load cells, then Perform a comparison between the
actual weight and the reading showing on the monitor, after that a calculation for the
error percentage was performed and a correction factor was calculated to be added
to the readings after performing the test, as shown in Figure 4.3.
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(a) Callibration data
(b) Error curve
Figure 4.3: Calibration
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4.4 Testing
To get the ultimate performance, a several static and dynamic tests were performed
for motor propeller combinations to see the behaviour of each combination and to
get the best combination that gives more thrust with efficient power consumption. A
specially designed testing bench was built to mount the motors and do the test. The
static tests for the VTOL motors was performed in the lab inside a cage for safety. On
the other hand the dynamic test for the cruising motors was performed using a car
and a special platform built to mount the motor on it and to be mounted on top of the
car to be able to test the performance of the motor/propeller combination at multiple
air speeds. In order to perform the experiments consistently, it was necessary to
follow procedures for collecting data. Two separate procedures were developed for
the static and dynamic tests. For all of the tests, the power supply driving the motor
propeller was the same batteries that will be used in the aircraft.Then, the data ac-
quisition was by a camera. For the dynamic test a pitot tube was used to control the
air speed. Figure 4.4 shows the tow set ups for testing.
(a) Dynamic test (b) Static test
Figure 4.4: Testing arrangements
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4.5 Static test
Static tests usually performed to know the actual thrust that the motor/propeller com-
bination can produce. As there is 4 motors will be used for VTOL, and these motors
shall be able to lift all the weight of the aircraft. Static test was done for two Types of
motors, U8 T-motor and Navigation Type T-motor. These motors to be used as VTOL
motors so the important aspect here is to test it statically because it will not be used
for cruising. Dynamic test will not be performed to these motors as it will be stopped
while cruising. On the other hand , the cruising motors was tested statically to check
their ability to move the aircraft from stopping position.
4.5.1 building the platform
To perform the static test for the motor and propeller combinations , the motor was
mounted on the thrust bench, as shown in the following figures using a L-shape metal
piece, the metal piece was drilled to fit the motor and the thrust bench Figure 4.5.
The Metal piece was tested so it don’t bend or deflect during the test by applying 10
kg of weights to it and see the effect of the weight on it, as the maximum force will
be 10 kg which is the maximum of the load cells. This piece was used to mount both
the A50 and the U8 motors.
(a) Parts (b) Drilling the L-Shape
metal piece
(c) Motor mount
Figure 4.5: Building up
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4.6 setting up
First the thrust bench was mounted on a piece of wood , then screwed to the table in-
side the cage using tow screws. As shown in Figure 4.6 , the motor was mounted on
the thrust bench using the L shape metal piece, after wards the ESC was connected
to the motor then the ESC was connected to the malty-meter, finally the malty-meter
was connected to the battery. The last thing to do is attaching the propeller after
assuring that the system is working good. To power up the system, two 6S Lipo
Batteries as the initial batteries to be used in the drone. the thrust reading were
displayed on the thrust meter, the Amperes, power and the voltage was displayed on
the malty-meter. All data were collected using a camera.
(a) Arrangements
Figure 4.6: setting up
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4.6.1 performing the test
The test was performed inside a cage for safety.the temperature of the motor and
ESC was monitored during the test, safety is very important when performing such
kind of test because any failure from the motor or propeller, the consequences will
be very dangerous. The first test was for the U8 T-motor with the propellers size
(22x6).The motor was testes on 25, 50, 75 and 100 percent of thrust. The method-
ology of performing the test was as follows:
• Attach first propeller
• attach the batteries
• move the potentiometer to 25 percent
• wait to stabilise
• collect the data
• repeat for 50, 75 and 100 percent
The maximum power of the motors was monitored along the test so it don’t get
overpowered. The same test was Performed for the Navigation type T-Motor with a
propeller size (26x8.5). All The results and data will be discussed in the upcoming
sections.
4.7 Dynamic Tests
Three motors were tested dynamically which are A50,A60 and Q80 Hacker motors.
As the motor will be used as a cruising motor It should be tested Dynamically. The
Motor-Propeller combination is pushing a fixed wing drone, that indicates that the
thrust force will differ along different air speeds and wind speed. Dynamic tests were
performed specially for the cruising motors to have the ultimate performance of the
drone and to check at wich speeds the propeller will stall. Each Motor was mounted
on the platform and tested statically, and dynamically at multiple air speeds ranging
from 10m/s to 30m/s which is the range that the drone will perform in.
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4.7.1 building the platform
A special platform was built out of wood as you can see in figure 3.3 The platform
was designed using solid-works and then was built out of wood which was cut ac-
cording to the design and attached using L-shape metal pieces. The thrust bench
was attached on the top front of the platform and all electronics and batteries was
attached inside the platform. Pi-tot tube was attached also to measure the air speed.
A Pixhawk was used to read The pitot tube and display the reading using Q-ground
control station program. Figure 4.7
(a) Platform design (b) The Platform
Figure 4.7: The platform
29 Power system optimisation for a fixed-wing UAV with VTOL capability
4.7.2 A50 motor mounting
The A50 motor was mounted on the same L-shape metal piece as discussed previ-
ously in section 4 , Figure 4.5.
4.7.3 A60 motor mounting
As shown in the figure below the A60 motor was mounted on the platform using a
special aluminium mount that holds the motor from front and back. then the motor
and the mount were attached to the platform using a piece of carbon fibre.
(a) A60 mounting
Figure 4.8: motor mount
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4.7.4 Q80 motor mount
CNC machine was used to cut the carbon fibre piece to the exact dimensions. First
the piece was designed using solid works , then the file was loaded to the CNC for
cutting. Figure 4.9 shows the CNC software and machining
(a) CNC Software (b) CNC machining
Figure 4.9: Q80 mounting
For Mounting the Q80 motor , tow L shaped Pisces of metal where used to mount
the motor on them and a especial designed piece of carbon fibre was used to mount
the metal Pisces on it. the motor is big and needs a strong structure to keep it in
place. the following figures shows the mounting elements.
Figure 4.10: Carbon fibre piece
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Figure 4.11: Q80 mount
Figure 4.12: Q80 mounted
Chapter 4. Testing 32
4.7.5 Pitot tube calibration
To check if the pitot tube is well calibrated , a wind tunnel in the university was used.
The wind tunnel has a calibrated and steady wind speed with a built in pitot tube.
Our pitot tube was placed inside the wind tunnel , then we are able to compare
the readings and make sure our pitot tube is functioning well as you can see in
Figure 4.13
(a) Wind tunnel (b) reference pitot tube
Figure 4.13: Pitot-tube calibration
4.7.6 Performing the test
The same procedure were performed For both of motor The motor was controlled
from inside the car using a transmitter-receiver system where the receiver is con-
nected to the ESC. The camera was connected via WIFI to a cellphone and the
phone was connected to the laptop to show the readings of the thrust and multime-
ter on the laptop screen, the pixhawk also was connected to the laptop to show air
speed. The test procedure was as follows :
• Attach first propeller.
• attach the batteries.
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• connect the pixhawk to the laptop.
• display the camera streaming on the laptop screen along with the air speed
which is displayed by Q Ground Control station.
• start recording the screen.
• Go to the first air speed.
• move the transmitter stick to 25 percent of throttle.
• wait to stabilise.
• repeat for 50, 75 and 100 percent.
• move to the second air speed.
• repeat for 25,50, 75 and 100 percent of throttle.
4.8 Drag test
As The VTOL motors will be stopped while the aircraft will be in cruising mode ,
the motor and propellers will produce drag force. The orientation of the propellers
make a lot of difference in drag wise, as if the blades of the propeller was stopped
perpendicular to the airflow it will produce high amount of drag , in the other hand
if the propellers was topped parallel to the airflow it will produce less drag. In order
to know the amount of drag that the motor/propeller combination will produce , a
drag test was performed using the dynamic test platform (section 4.4). The first
attempt was by holding the propeller perpendicular to the airflow and measuring the
drag (which is equal to the thrust) at different air speeds (10,15,20,25 and 30). The
second attempt was by holding the propeller parallel to the airflow and do the same.
The results of this drag test will be used to calculate the total drag of the aircraft.
Figure 4.14: T Motor drag test
Chapter 5. Results
The results gathered from the videos are implemented on an excel sheet along with
the theoretical results calculated using mat-lab to be able to generate curves and
check the corresponding intersection area between the curves which is the desired
area so we know the amount of power we have and the amount of power we need ,
then we will be able to decide if the system is efficient enough or not. On the x axis
we have the air speed and on the y axis we have the power, the Gray curve is the
minimum required climbing power , and the red curve represent the drone minimum
required power (drag) for horizontal cruising. These two curves (Gray and red) is
obtained using a Mat-lab Code combined with drag calculations using X5 software.
The green curve represent the experimental Power we have using the data collected
from the testings. The area between these curves represent the manipulating range
that the drone could fly efficiently.
Figure 5.1: Power curves
5.1 Desired Power curve
The following figures shows the theoretical minimum required power and the mini-
mum required climbing power that the drone needs to be able to perform an efficient
flight.
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(a) Theoretical data
Figure 5.2: Theoretical Data
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From the previous data now we are able to plot it and have the theoretical per-
formance curves as shown in the figure below. As the Orange curve represent the
minimum desired climbing power and the blue curve represent the minimum desired
cruising power.
Figure 5.3: Theoretical data curves
5.2 Motors performance
5.2.1 A50 motor performance
Figure 5.4,Figure 5.5 and Figure 5.6 shows the performance of the A50 motor , The
motor was tested with Three different propellers sizes and pitch (16x10,18x12 and
20x15).
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Figure 5.4: A50 with 16x10 propeller performance
Figure 5.5: A50 with 18x12 propeller performance
Figure 5.6: A50 with 20x15 propeller performance
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5.2.2 A60 motor performance
Figure 5.7,Figure 5.8,Figure 5.7,Figure 5.9,Figure 5.10 shows the performance of
the A60 motor , The motor was tested with four different propeller sizes and pitch
(19x15,21x14, 24x10 and 24x12). As we can see the figure the motor stalls at high
air speeds which they are 25 and 30 m/s at 25 percent of throttle. In the other hand
there is no stalling at 75 and 100 percent of throttle.
Figure 5.7: A60 with 19x15 propeller performance
Figure 5.8: A60 with 21x14 propeller performance
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Figure 5.9: A60 with 24x10 propeller performance
Figure 5.10: A60 with 24x12 propeller performance
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5.2.3 Q80 motor performance
Figure 5.11,Figure 5.12 and Figure 5.13 shows the performance of the Q80 motor ,
The motor was tested with Three different propellers sizes and pitch (21x14, 22x12
and 24x12).
Figure 5.11: Q80 with 21x14 propeller performance
Figure 5.12: Q80 with 22x12 propeller performance
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Figure 5.13: Q80 with 24x12 propeller performance
5.2.4 Data processing
In order to get the motor power curve and plot it against the theoretical curves , firs
of all the output power of the motor is calculated as follows:
Wout = F (N).Airspeed
thus in the other hand the :
F = m(kg)× a
the acceleration is 9.81 m/s2 , then we have the Wout. To calculate the efficiency:
n = Wattsin
Wattsout
After we get the output power for each throttle percentage we plot the Wout vs.
Air speed. Four motor curves for each motor propeller combination as we can see in
figure 4.4 and figure 4.5 plotted vs the theoretical curves.
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5.3 Evaluation
The aim of choosing the motor propeller combination is to select the combination that
gives the bigger rang of manoeuvring so that the aircraft flies safely at the specific
airspeed having a good amount of excess power for a safe flight. As it’s shown in
the figures above, its observed that the results or in other words the performance
of the three motors are very close to each other. As it could be extracted from the
results, the A50 motor is underpowered as shown in figure 5.4 , the A50 with (16x10)
propeller stalls at 25 and 30 m/s with 25 percent of throttle, furthermore we can
see that at 50 percent of throttle the aircraft burly flies as the actual power curve
matches the required power as the power necessary for flying at 20m/s is 480 watts
and the actual power out is 575.5 watts. The results are getting better with the bigger
propellers but still not enough.
Obviously as in figure 5.5 and figure 5.6 the A60 and Q80 have more power and
the most similar results, but finally, the most powerful combination will be chosen.
The present results could be better with a bigger propeller which will be tested and
implemented in future, but for now, this combination will be enough.
Chapter 6. Discussion
In this chapter, improvements, other choices and difficulties that was faced will be
discussed along the all stages of the project.
6.1 Flight test and analysis
The best way to test the aircraft operation is to fly it and observe. As this power
system was tested to be implemented on the aircraft, which still under construction,
flight tests still needed to have the real performance data of the overall system. There
are multiple parts and devices is using the same power source, It should be all work
with harmony and without interference, some of them might be working properly and
some maybe not. Hence an aircraft that not able to fly is difficult to troubleshoot.
Also if its able to fly but not stable there will be a big risk for the aircraft to crash and
to people also. The previous tests show that the aircraft can fly relying on the input
data that we had and the output data.
6.2 Weight and power consumption
Tow main factors that play a big role in the designing of an aircraft is the power con-
sumption and the weight. Considering the size of an aircraft, a bigger aircraft Will
have a higher weight. A heavy aircraft demands a big amount of power to make it
move and fly. In the other hand reducing size will reduce weight and power consump-
tion but at the same time will limit the the the tasks that the drone will be able to do.
A compensating between size and power consumption is the Ideal thing to do, To be
able to do so the types of material used to build the aircraft should be selected care-
fully to be alight weight and durable. Nevertheless, The weights of the motors and
other equipment should be taken into consideration. For this aircraft, the fuselage
and the wings were built out from carbon fibre with a foam core. The carbon fibre
is a lightweight, durable material that is ideal for building lightweight frames, using
this kind of materials gives a possibility to build a larger size aircraft with no weight
changes, so less power consumption.
6.3 Communication and control
Now a days, There are many advanced ways for controlling the aircraft and com-
municate with it. A Radio transmitter is the most used device to control the aircraft
manually. Communication with auto pilot through mobile networks has more ad-
vantages than using WIFI network [13]. For this aircraft a radio transmitter and a
receiver module system will be used to control and communicate with the auto pilot
through the ground control station software provided with the auto pilot as mentioned
in section (1.2 and 1.3)
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6.4 Laws and restrictions
Drones are being used all over the world , Each country has its own regulations
and laws regarding drones. Drone size and weight have different regulations across
the countries. Depending on the type of operation that the drone will perform and
the location, the regulation should be taken into consideration before designing or
operating the drone. In Spain mainly as this project is built, developed in this country
and it will be mainly used in this region, Spanish regulations should be not broken.
AESA circular of 6 April 2014, on the use of drones in Spain forbids the use
of the drones for commercial or professional purposes. The Current regulation of
law 18/2014, of 15 October, approving urgent measures for growth, competitiveness
and efficiency has two articles about drones (art.50 and art.51). Article 50 is about
everything related to drones, requirements to be a pilot, to be an operator, medical
requirements and What I can do and What I can’t do. Article 51 It defines a drone, it
modifies the definition of aircraft of the law 48/1960 on air navigation because drones
don’t appear, So, art.51 modifies the definition to introduce the concept of drone in
the concept of aircraft. Thanks for this point, drones exist, and they can fly.
This regulation was subsequently enacted into law and this process culminated
on 17 October 2014 with the publication of law 18/2014 of 15 October approving
urgent measures for growth, competitiveness and efficiency. It’s interesting to look
at what triggered the state to urgently regulate the use of drones via a royal Decree
law. Never the fewer regulations still changing and new regulations are issued to
push the drone’s sector forward, in the 15th of December 2017 the Spanish Govern-
ment approved the new regulation on drones. From now on it will be allowed to fly in
urban areas and over crowds of people, upon approval of AESA (Spanish Aerospace
Security Agency). The drone technology is constantly improving and is being imple-
mented in different fields. That is why it is necessary to incorporate regulations to
expand the number of environments where it is possible to fly UAVs. The recently
approved regulation, which replaces the content of the Law 18/2014, allows more ex-
tensive and flexible operations, always guaranteeing the security of operations and
promoting the growth of an emerging industry closely linked to R and D and tech
innovation, according to “Ministerio de Fomento – Ministry of development”.
The past regulation established minimum requirements for operations with UAVs,
but it did not cover all possible activities in which the industry has been raising and
evolving. There are plenty of applications in audiovisual practices: using UAVs to
record videos as they can carry even heavy cameras, for taking pictures and also
recording action sports. It is also possible to incorporate auto-following flight, that
follows a target at a specified distance with automatic flight. This aircraft is designed
as a middle size aircraft with 25 kg of weight so no extra regulating is necessary as
in Spain Drones until 150 kg is a competence of AESA. Drones from 25 to 150kg
require an airworthiness certificate, a plate and operational authorisation. Drones
Above 150kg is the competence of EASA, except drones for firefighting activities.
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6.5 Ethics
Drones is used for various purposes, Civilian and commercial uses of drones for
property management companies may include surveillance around malls or for mon-
itoring and control of road traffic, domestic policing, oil, gas, and mineral exploration,
and for the delivery of goods. Many of these uses of drones involve issues related
to gathering data about individuals near a mall or in road traffic[14]. The same prob-
lems about privacy enter into the picture. These may both amount to an invasion of
a person’s right to privacy. An additional area of concern moving beyond this ethi-
cal problem is a situation where large numbers of drones are used for commercial
purposes.
6.6 Safety
The down side of using drones regarding the safety that there is a risk of it falling
and damaging properties and hurting people. Any malfunctioning of any of the drone
system it might fall down, furthermore it is difficult to locate or predict where the
falling object will hit. On the other hand , there is a risk of harming pilots flying
manned air crafts since the drone doesn’t have a pilot on bored or don’t have a
pilot at all, it will be difficult to take an immediate protection manoeuvre if a sudden
object present. However, when the pilot is controlling the drone or its operating on
autonomous mission with controlled conditions and in the visual line of sight , the
safety will increase. Specially drones could operate in difficult to reach places and
hazardous area will increase safety for the pilot.
6.7 Future attempts
Improvements always can be made as the technologies are getting more advanced
day by day. To keep on competent in the market the systems and the hall aircraft
should be upgraded to the latest technologies used in the market. Several systems
will be improved, starting with the power system, solar energy will be used to charge
up the batteries and have a longer flight time. Communication systems and control
will be improved with more high quality and advanced systems. All parts of the
system to be embedded in one mother bored such as ESCs, Sensors, and Autopilot
to have the most efficient and compatible system that is easy to manufacture and
implement in the aircraft. The airframe and the VTOL motors will have more compact
design as the motors and propellers could be folded into the fuselage.
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6.7.1 hydrogen power
This aircraft is running on batteries at present. In the near future, a hydrogen power
system will be running the drone. Hydrogen power is more efficient and environ-
mentally friendly. Using hydrogen for power systems is still under development many
aspects need to be considered especially in safety as the hydrogen considered a
high inflammable substance, many countries around the world still has many restric-
tions for using hydrogen.
Chapter 7. Conclusions
Power system optimisation for a fixed wing with VTOL capabilities was discussed
in this thesis. Multiple propellers and motors combinations were tested statically
and dynamically. The dynamic tests were done using a car and especial mounting
on top of it because it was hard to afford a wind tunnel. Five different motors were
tested with multiple propellers of different sizes and pitches. The batteries and ESC’s
were chosen to be compatible with the motor’s current withdrawal, so all the system
works in harmony and avoiding over heating elements. The batteries were selected
carefully to give the ultimate performance and longer flight time.
After performing the tests, all of the motors performances were very close to
each other, but the Q80 motor with 24x12 propeller was the best combination with
the best results. The power system was not tested on the aircraft because its still
under construction hence the results are promising. The most needful enhancement
for the testing process is the way of collecting data, as in this thesis the data were
collected on camera, in future its more convenient to have one system that manages
all the parameters (Volts, Amperes, airspeed, power and rotation) synchronously in
real time.
Drones sector is growing very fast day by day, new applications and new tech-
nologies are used by drones. The drones sector still under development especially in
regulation and safety wise. More green energy will be used to power up the drones
as solar energy hydrogen.
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Appendix A. Appendix
Figure A.1: A50 motor data
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Figure A.2: A60 motor data
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Figure A.3: Q80 motor data
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